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SECTION I

INTRODUCTION

Statistical scatter factors to be used in the reliability
assessment of aircraft structures were evaluated. Two programs
were written for this purpose. The first program (A7701)
calculates the expected value of the reliability E[R'] (Fq.22),
the ratio E[R']/R where R is the assigned value of reliability,
the coefficient of variation Vv = OR,/E[R'] where the o

L . , .
{E[(R’)z] - (E[R'])z}2 is given in Eq. 23, and the corresponding

Rl

scatter factors from Egq. 6, S based on R and S1 based on E[R'].
The equation numbers correspond to equations inVolume I. The
calculations in the program A7701 were based on the criteria
that the shape parameter in the Weibull distribution is known
and the scale parameter is found by maximum likelihood estimation
(MLE). In the second program (A7720) the scatter factors are
estimated for the case where both the scale and the shape
parameters in the Weibull distribution are unknown. For this
purpose the Monte Carlo simulation technique is introduced.

The distributions of parameters u”, VS and % defined in

Egs. 32, 33, 36 respectively, are empirically estimated. This
program also calculates the two dimensional frequencies of u

and v, (Egs. 28 and 29), the reliability ratio E[R"]1/R, and

2]_

0
the coefficient of variation Vpa. = oRn/E[R"] (Opn = E[ (R")




L
(E[R"])z}z) where E{R"]Jand E[(R“)Z] are obtained from Eq. 41.
The following sections of this document discuss these two

programs, the input data, and the output.

SECTION II

SCATTER FACTOR WITH KNOWN SHAPE PARAMETER (Program A7701)

A simplified flow chart of Program A7701 is shown in

Figure 1.

2.1 INPUT DATA

There are no input data qards used for this program.
The necessary data parameters need to be specified at the
beginning of the program through DATA statements. The input
parameters are aé follows: AM = grid size indicating the fleet
size of aircraft; A = shape parameter in the Weibull distri-
bution; R = fleet reliability; NPT = number of division points
on the distribution of Z; DZ = increment size in the distri-

bution.

2.2 PROGRAM DESCRIPTION
Program A7701 consists of a main program unit and two
subroutines: GAMMA and SIMPN. The program listing is given

in Appendix A.
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|
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Figure 1. Simplified Flow Chart
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2.2.1 The Main Program Unit (A7701)

The main program unit calculates the expected value of
E[ R'l of R' from Eg. 22, the ratio E[R'] /R where R is given
as the input parameter, the variance VAR[R'] from Egs. 22 and

2
23 as VAR[R'] = ( ) =E[(R')%]-(E [R'])2 and the scatter factors,

OR'
S based on R and S1 based on E[R'] . The values for the
Gamma function and the numerical integration necessary to

complete Egs. 22 and 23 are obtained from subroutines

GAMMA and SIMPN.

2.2.2 Subroutine GAMMA (N, GA)

Subroutine GAMMA evaluates the Gamma function
r(n) = (n-1)! for specified positive integer values of n.
The arguments for this subroutine are:
N = n, argument of the Gamma function

GA = output value of the Gamma function

2.2.3 Subroutine SIMPN (AF, NPOINT, DSTEP, AREA)

Subroutine SIMPN is a numerical integration routine which
utilizes Simpson's rule to obtain area for a specified function.
The arguments for this subroutine are:

AF = function to be integrated

NPOINT = number of points or subdivisions on the
function AF

DSTEP = integration step

AREA = area from the integral



2.3 PROGRAM OUTPUT

Program A7701 prints out the output as shown in Table 1.

TABLE 1. Results from Program A7701

SAMPLE SIZE N= 1
WEIBULL SHAPE A( 1)= 50000 INCREMENT ON Z DZ= « 02500
FLEET RELIABILITY LEVEL R= «50000
E(R'") = +42468E+00 E(R")/R= +84937E+00
VAR(R™)= ,66335£-01 STO = +425756E+00
VRY = +60647E+00
FLEET SIZe S.Fe BASED ON R SeFe BASED ON E(RM)
M= 1. 5= «10000E+01 S1= «54490E+00
M= 3. S= «90000E+01 Sl= «49041E+01
M= Se S= «25000E+0¢ Sl= e13622E+02
M= 10. S= «10000E+03 Sl= «54490E+02
M= 25. S= «62500E+03 Sl= «34056E+03
M= 100. S= «10000€E+05 Sl= «54490E+04
M= 250 S= «62500E+05 S1= e34056E+05
M= 1000 S= «10000E+07 S1= «5449UVE+VO

N = sample size in fatigue test; n in the text
A(1) = shape parameter o in Weibull distribution
DZ = increment size dz for numerical integration
R = fleet reliability level

E(R") = expected value of R'; E[R'] in Volume I
E(R")/R = reliability ratio; E[R']/R in Volume I
VAR(R")= variance of R'

STD = standard deviation of R'; Opt

VR" = coefficient of variation; VR, in Volume I
M = aircraft fleet size

S scatter factor, S, based on R; from Eq. 6

Sl = scatter factor, S, based on E[R']; from Eg. 6

-5=




The output such as that shown in Table 1 was generated for
N=1,2,..., 10; A= 0.5, 1, 2, 3, 4, 5, 10; R = 0.5, 0.6,

0.7, 0.8, 0.9, 0.99, 0.995, 0.999, 0.9999.

SECTION IIIT
SCATTER FACTOR WITH UNKNOWN SHAPE AND SCALE PARAMETERS
(Program A7720)

A simplified flow chart of Program A7720 is shown in

Figure 2.

3.1 INPUT DATA

There are no input data cards used for this program.
The parameters are specified at the beginning of the program.
The input parameters are as follows: R = fleet reliability,

M fleet size, NAM = classification ASCII code for results,

N sample size in fatigue test; n in the text, NSMPL =

sample size in Monte Carlo simulation; N in the text, IO =
input/output peripheral device number, IX = internal parameter
in RANDU subroutine , NST = a lower bound in array N, NND =

an upper bound number in array N, NU = number of divisions on
u, NVO = number of divisions on VO’ UU = upper cut-off value
on u, UV0 = upper cut-off value on Vge The parameters u and
v, are described in Volume I.

3.2 PROGRAM DESCRIPTION

Program A7720 consists of a main program and six
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subroutines: SAMPIL, ANS, RANDU, ASCEN, LIST and DGEN. The

program listing is given in Appendix B.

3.2.1 The Main Program Unit A7720

The main program unit calculates distributions of u,
Vor u*, v6 and Z where these parameters are defined by Egs.
32, 33 and 36 respectively in Volume I. The two
dimensional frequencies of u and v, are obtained by utilizing

the Monte Carlo simulation procedure. The reliability

ratio E[R"]/R, the wvariance of R", VAR = E[(R")2] - (E[R"])z,
the standard deviation of R", Opn = (VAR)%, and the coefficient
of variation VR" = OR"/E[R"] are calculated from Eqgq. 41.

3.2.2 Subroutine SAMPL (U, VO, VO0S, IX, IY, N, NSMPL, I90O)

Subroutine SAMPL is used to generate values for u, vy and
v6 by using the Maximum Likelihood Estimation (MLE) procedure.
The arguments for this subroutine are

U = u, output parameter
Vo = Vyer output parameter
vV0sS = V;, output parameter

IX any odd integer less than nine digits

H

1Y internal parameter
N = sample size in fatigue test; n in Volume I
NSMPIL = sample size in Monte Carlo simulation;

N in Volume I

IO = input/output peripheral device number



3.2.3 Subroutine ANS (A, NSMPI,, NS, IO, NAM1, NAM2, M)

Subroutine ANS is used to arrange the input data in
proper order and to print out the probability distribution.
The arguments for this subroutine are

A = input/output array

NSMPL = sample size in Monte Carlo simulation

NS = sample size

IO

i

input/output peripheral number
NAM1 and NAM2 = classification parameters for the
results

M = internal program parameter, or fleet size

3.2.4 Subroutine RANDU (IX, IY, RAN)

Subroutine RANDU generates independent random numbers
uniformly distributed between 0 and 1. An odd integer,
IX, needs to be specified in the main program. By changing
IX, a new sequence of random numbers is generated. The
arguments for this subroutine are

IX

any odd integer less than 9 digits

Iy internal parameter in the program

RAN = output uniform random number between 0 and 1.

3.2.5 Subroutine ASCEN (S, NPT)

Subroutine ASCEN is used to rearrange given data in

ascending order. The arguments of this subroutine are




S = an arbitrary input/output array

total number of values in the array

2
g
H

i

3.2.6 Subroutine LIST (A, NPT, I0, NAM1l, NAM2)

Subroutine LIST is used for listing the input as a
probability distribution. The arguments of this subroutine
are

A = input data arrangedin ascending order

NPT = total number of values in array A

IO = output peripheral device number

NAM1 and NAM2 = classification parameters for

the list

3.2.7 Subroutine DGEN (Y, N, IX, RAN)

Subroutine DGEN generates exponential random numbers
by utilizing a uniform distribution in subroutine RANDU.
The arguments of this subroutine are

v the exponential random number

il

N index indicating the array of random numbers

i

IX = defined in RANDU

RAN = defined in RANDU

3.3 PROGRAM OUTPUT
Progam A7720 prints out the output as shown in

Tables 2 -~ 9.

-10-



Table 2 Values for v*

0

DISTRIBUTION OF VOx FQOR SAMPLE S17ZE N= 3

SAMPLE NDO.,= 100 PROB= ,0500 VOx = ,6230149E=01
SAMPLE NQO.= 200 PROB=  ,1000 VOx = ,1618284E+00
SAMPLE NO.= 300 PROB=  ,.1500 VOx = ,2759731E+400
SAMPLE NO.= 400 PROB= ,2000 VOx = ,3760098BE+00
SAMPLE NO,= 500 PROB= ,2500 VOx = L4550813E400
SAMPLE NO.,= 600 PrOUB= L3000 VOx = ,5341889E+00
SAMPLE NO,= 700 PROB=  ,3500 VOx = ,6099762E+00
SAMPLE NU.,= 800 PROB= +4000 Vox = «096408T7E+00
SAMPLE NO,.,= 900 PROB=  ,4500 VO* = ,TBB2142E+400
SAMPLE NQO.,= 1000 PROR= «H000 vox = «88B03579E+00
SAMPLE NO.,= 1100 PROB= «5500 Vox = «9B9B615E+00
SAMPLE nNO,= 1200 PROB= «6000 Vox = « 10903468401
SAMPLE NU.= 1300 PROB=  ,6500 VOx = ,1214184E+401
SAMPLE NO,= 1400 PRUB= « 7000 VOx = «13953251E4+01
SAMPLE NU.= 1500 PROB= « 7500 Vox = «1953896FE+01
SAMPLE ND.= 1600 PROR=  L,K000 viox = ,18385038E+01
SAMPLE nNO.,= 1700 PROKB= L8500 VOx = ,2362058E+01
SAMPLE NO.= 1800 PROUB=  ,9000 VOx = ,3148309E+01
SAMPLE NCG,= 1900 PROB=  .9500 VOx = LS933RB3E+01
SAMPLE NO.= 1960 PkOfs= « 9800 Vix = «1462615E+02
SAMPLE nNG,= 1980 PROB=  ,9900 VOx = ,3651022E402
SAMPLE mnU,= 1990 PrOK= e 9950 VOx = «B491725E+403
SAMPLE N0,z 1996 PROB= « 9980 vOx = L1077416E+08
SAMPLE NO.= 1998 PROB= ,999¢ Vox = T7369510F+11
SAMPLE N0,= 1999 PrROB= ,9995 VOx = 2794072E+14d

VO* = vy¥*
0
SAMPLE NO. = a positive integer such that the plotting

position of a realization is given by
(SAMPLE NO.)/(NSMPL + 1)

PROB = plotting position

-11-




Table 3 Values for u*

DISTRIBUTION OF Ux FOR SAMPLE SIZE N= 3

SAMPLE NO,= 100 PROR= . 0500 Ux = . 1752809E+00
SAMPLE NO,= 200 PROB= «1000 U= = «2507607E+00
SAMPLE NO.,= 300 PROB= «1500 Ux = «3056521E+00
SAMPLE NO.,= 400 PROR= «2000 Ux = e 3624199E+00
SAMPLE NO,= 500 PkOB= «2500 Ux = +JH218442E+400
SAMPLE NUO,= 600 PrROA= «.3000 U= = LUB83UBTSE+0Q0
SAMPLE NO,= 700 PROB= «3500 U = «53928B64E400
SAMPLE NU,= 800 PROR= L4000 U = «5B841478E4+00
SAMPLE NO,= 900 FROB= <4500 U * = «6247669E+4+00
SAMPLE NO.= 1000 PROR=  ,5000 Ux T Lb6737654E+00
SAMPLE NU.,= 1100 PrROB= <5500 U = e 731 7841E+00
SAMPLE nN(O,= 1200 PROH= «6000 U = «782830SE+00
SAMPLE NO,= 1300 PROR= «6500 Ux = LBU05482E+00
SAMPLE NO.= 1400 PROR= « 7000 U % = e9040222E400
SAMPLE nU,= 1500 PRORBR= L7500 U= = L,9801127E+00
SAMPLE NO,.= 1600 PROB=  ,B00C U % = L1055649E401
SAMPLE n(,= 1700 PROH= LB500 Ux = L1151112E+01
SAMPLE NU,= 1800 PrROK= «9000 Ux = +.1286268E+01
SAMPLE NO,= 1900 PROR= « 9500 U = 1554481k +01
SAMPLE NU.= 1960 PROKB= <9800 Ux = . 1768360E401
SAMPLE nN0D.= 1980 PROR=  ,9900 L% = .1902B01E+01
SAMPLE NU,= 1990 PRQBz  ,9950 U= = L2182300E+01
SAMPLE NU.= 1996 PRCOH= 9980 Ux 4 CCUTSS4TE+0]
SAMPLE NU.,= 1998 PROR= « 9359910 Lix = .2891182E+01
SAMPLE NU.= 1999 PrOBE .9945 U= = «29U0T2BE+OQ1L

Ux = u*
SAMPLE NO. = a positive integer such that the plotting

position of a realization is given by
(SAMPLE NO.)/(NSMPL + 1)

PROB = plotting position

-12-



Table 4 Values for vy

DISTRIBUTION OF VO FOR SAMPLE SIZE N= 3

SAMPLE NO.,= 100 PROB= ,0500 vo = L,26228B75E+00
SAMPLE nU.,= 200 PROR= 1000 Vo = «36628B45E+00
SAMPLE NO.,= 300 PROB= «e1500 Vo H +H4307703E+00
SAMPLE NO.,= 400 PRUK= « 2000 Vo = ,50513%4E+00
SAMPLE NOL= 500 PROBR=  ,2500 Vo = .5794380E+00
SAMPLE N0,z 600 PROB= «3000 Vo = ,Lb6378933E+400
SAMPLE NO,= 700 PROR= «3500 Vo = . 7064241E+00
SAMPLE N0O.= B00 PROB=  ,4000 Vo = L77138B22E+00
SAMPLE WU.= 900 PROR= L4500 Vo = L,832699BE+00
SAMPLE NGL.= 1000 PKOB=s  ,5000 Vo = L,9144175E+400
SAMPLE NOU.,= 1100 PROB= «5500 Vo = «9B93186E+00
SAMPLE NO,= 1200 PrOB= «b000 Vo = »1065538E+01
SavPLE NO,= 1300 PROR= «6500 vo = . 1138658E+01
SAMPLE nNGL.= 1400 PRkOn=  ,7000 Vo = L,1228765E+01
SAMPLE NOL,= 1500 PrRUH= « 1500 Vo = «1328B54E+01
SavMPLE O,z 1600 PrROB= L8000 v = < JUBTBIIE+01
SAMPLE NOU.= 1700 PROBE  KS00 v = L,1600763E401
SAMPLE NU.,= 1800 PR(H= « 9000 Vo = «1801288F+01
SAMPLE NO.= 1900 PROR= « 9500 Vo = o 2160133E+01
SAMPLE NGO,z 1960 PRORB= « 9800 Vo 3 «2542941E401
SAMPLE tU,= 1980 PROBZ  ,9900 Vo = JRY43IKBIE+01
SAMPLE WO ,= 1990 Pr(OB= e 9950 vo = «3307421E+01
SAMPLE NMU,.,= 1996 PROK= L9980 v = e 3659089E+01
SAMPLE NU,= 199F PROK=  ,9990 vV = L4BU49936E+01
SAvPLE KU,= 1999 PROR= « 3995 Vo = CJH2303%45E+401

VO = Vo
SAMPLE NO. = a positive integer such that the plotting

position of a realization is given by
(SAMPLE NO.)/(NSMPL + 1)

PROB = plotting position

_13_




Table 5 Values for u

DISTRIKUTIUN OF U FOR SaMPLE SIZE = )

SAMPLE NOU.= 100 PROB=  ,0500 U = L6433014E+00
SAMPLE N,z 200 PHOR=  ,1000 u = LT774431E+00
SAMPLE NU.,= 300 PROKB=E 1500 U = LHeBT7249E4+00
SAMPLE NOL,= 400 PROK=  ,2000 U = LY9U4T728U2E+400
SAMPLE NU.= 500 PROB=  ,2500 U = L1020291E+01
SAMPLE NOL= 600 PROB= « 3000 U = «»1106168L+01
SAMPLE thO.= 700 PROK= « 5500 i = 211897000 +01
SAMPLE NQ,.= BOO PrROR= 4000 u = L127T7416E+01
SAMPLE nUL.= 900 PROB=  ,u4500 U = L1366%23E+01
SAMPLE NOL= 1000 PROMZ 5000 U = Ll4RA196E+01
SAMPLE NO.,= 1100 PROB=  ,5500 U = L1600597E+401
SAMPLE NU.= 1200 PROR=  ,6000 U = L1711895E+401
SAMPLE NO,= 1300 PROB=z  ,6%00 y; = L1854302E+01
SAMPLE NO.= 1400 PROK= w7000 ¥ = 2068305 +01
SAMPLE NO,= 1500 PROB= £ 7500 U = W 23T0543F+01
SAMPLE hNQO.,= 1600 PROR= JHO00 U H 275923508401
SAMPLE NOU.,= 1700 PrROB=  ,.B500 U = L3271693E+01
SAMPLE NO.= 1800 PROB= $G000 U s «3987866E+01
SAMPLE NO.= 1900 PROK= e 9500 U = 705129401
SAMPLE NO,= 1960 PROB=  ,9800 L = L1001000E+402
SAMPLE NOU,= 980 PROB= £9900 u = « 15810008 +02
SAMPLE NO,= 1990 PROB=  ,995%0 U = L2561000E+02
SAMPLE NO,= 1996 PROR= «99KQ L = LHU441000E+02
SAMPLE NO.= 1998 PrOB= <9990 U = e 198UY98BE+02
SAMPLE NG,.= 1999 PrROR=  ,999% U = L7Y980998E+02

U=nu

SAMPLE NO. = a positive integer such that the plotting
position of a realization is given by
(SAMPLE NO.)/(NSMPL + 1)

PROB = plotting position
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Table 6. Joint Values of u and v outside the Specified
Ranges UU or UVO

N= 3 NSMPLE 1999 Ix= 25107

NU= 50 NVO= 20 LUz 25,0000 uvO0s 5,0000 LU= 25000 Dvos= e 2500

OQUTLIERS ETTHER IN U QR IN VO

us JUUUIE+02 Vo= W 2OB2E+00 J= 89 I= 2
U= e 3981F+02 Vo= «OUBSEFQ0 J= 80 I 3
us=s 2bU1E+02 Vo= «1355E+01 = 53 1= 6
U= 32218402 vo= L1653E+01 J= 6% i= 7
Us «26U1E+0O2 Vo= «H826E+00 J= 53 I= 3
U= «6361L+02 vo= «H94dSE+00 = 1248 )\ 3
u= e 7981E402 vis 1UTUE+O] = 160 I [
u= e 7981E+02 vos= «HBTOS5E+00 J= 100 I 3

N = sample size in fatigue test; n in Volume I

NSMPL = sample size in Monte Carlo simulation;
N in Volume I

IX defined in RANDU

I, J = array of numbers

NU number of divisions on u

NVO = number of divisions on Vb
UU = upper cut-off for u

UV0 = upper cut-off for 2

DU = increment on u, DU = UU/NU

DV0 = increment on vgs DVO= UVO0/NVO
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Joint Frequency of u and Vo Flu, vg)
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Table 8 Values for Z

DISTRIBUTION OF 7 FUrR FLEET SJ7t M= 1
SAaMPLE MU,= 100 PrDRz  ,0500 7 = =,1527202E401
SAMPLE N ,= 200 PROB= L1000 2 = =, 8681633E+400
SAMPLE NO,= 300 PRUB=  ,1500  Z = =,6038523E400
SAMPLE mnid,= 400 PRUUE= L2000 7 = =, 4535508F+00
SAMPLE NO,= 500 PROB= 2500 Z = =,3U05964F+00
SAMPLE MU,z 600 PROBz  ,3000 z = =,2223126E+00
SAMPLE mU,= 700 PROBT  ,3%00 2z = =, 10053708400
SAMPLE Ni.= 800 PROR= L4000 7 = -,1083520E=01
SAMPLE Nti,= 900 PxOHz L4500 Z =T L9215222E=01
SAMPLE wWl.= 1000 PROEZ 5000 4 = .1713842E400
SAMPLE nlU,= 1100 FRORB=  ,550(0 / = J2TUBKUBE+QQ
SAMKELE nOL,= 1260 Philr=z L0000 Z = L3R93IBUOEY0O
SAMPLE NG,z 1300 FkOBz  .65%500 7 = .5239420E+00
SAMPLE NU.= 1400 FrOr= 7000 7 = L6719172BE+00
SAMPLE O,z 1500 PROB=  ,75%00 2 = LB7B0720E+00
SAMPLE wl,z= 1600 PEOH=  LRB00Q 7 = L1147860E401
SAMPLE nNUL.= 1700 PHGB=  LBS00 7 = L1417387FE+01
SaMPLE NU.= 1800 FROBZ  ,9G00 z = L1B94B01E+01
SAMPLE rl.= 1900 PROB=  ,95%00 Z = .311075PE+01
SAMPLE hu.z= 1960 PROBZ  ,9K00 Z = LUH74301E+01
SavmPLE nO .= 1984 PROB=  ,9900 Z = .b6106614E4+01
SAMPLE wu.= 1990 PROBE  ,99%¢ Y4 = JT7769789F+01
SAMPLE 1.2 1996 PROR= 4980 z = JPlUildeE+02
SAMPLFE wu,= 1994 PROBE  .9990 Z = L2T7S5857F+0¢
SAMPLE Nu.= 1999 FHOBz  ,9995% l = L2951978E+02

2 = 12

M = aircraft fleet size

SAMPLE NO. = a positive integer such that the plotting

position of a realization is given by
(SAMPLE NO.)/ (NSMPL + 1)

PROB = plotting position
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Table 9 Expected Value, Variance, Standard Deviation,
Reliability Ratio, and Coefficient of Variation of R".

) NOSMPL T 199y vz 1
K E(R"") VAak CARE E(R"™)/R  vr"™ Qs
L0000 LUKTE LQdud 2107 RYAY «4318 e 139U4T7E4+01
L6000 «5707 TS 2076 L9512 « 5637 «21136F+01
7000 L0520 0367 L1903 «9515 .2918 «3U182E+01
LHO0G W 7323 L0296 JA72¢C £915% « 2349 640776401
LY000 «BR173 0174 132G L9082 1616 «16770E+02
L9500 HEH] L0108 o104 <9138 .1198 «3BT6SE+02
$9900C 92RO LONu7 U689 L9574 L0743 «25341E4+03
L 990 TRy L0020 L1449 L9647 L0465 JU49613E+04
« 9999 LY9TRY L0013 . 0356 L9785 .0364 « S43RBE+0S

N = sample size in fatigue test; n in volume I

NSMPIL, = sample size in Monte Carlo simulation;
N in Volume I

M aircraft fleet size

R assigned reliability wvalues

I

E(R"") = expected values of R" obtained from Eq. 41.
VAR = E[KR")Z] - E2[R"], variance of R" in Volume T
STD = Opu, standard deviation of R" in Volume I
E(R"™)/R= reliability ratio

Vpne = coefficient of variation of R", STD/EIR"] in volume I

QS = Q* in Volume I

_18_
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Appendix A

PROGRAM A7701( OUTPUTs TAPE6=0UTPUT)

PURPOSE
SCATTER FACTOR CALCULATION

" WITH KNOWN WEIBULL SHAPE PARAMETER.

DESCRIPTION OF THE PROGRAM

THIS PROGRAM CALCULATES E(RM), E(RM)/R,
VAR(R") s VR FOR GIVEN WEIBULL SHAPE PARAMETER A
SAMPLE SIZE Ny FLEET SIZE AMs AND RELIABILITY LEVEL R.
IT ALSO CALCULATES CORRESPONDING SCATTER FACTORS
S BASED ON R AND S1 BASED ON E(R™).

REMARKS
INTEGRATION TO GET E(R'") AND E((RM)#u2) IS CARRIED
OUT BY SIMPSON"S METHOD.

DATE 7/16/1977

DIMENSION X(1000) 9A(50)sCV(50)+STD(50)+2(1000) ¢NN(50)
DIMENSION XX(1000)9sR(50)¢ERR(50)+ARG3(1000)+sARG2(1000)
DIMENSION AM(S50)+ANZA(1000)+VAR(50)

ASSIGNMENT OF SPECIFIED ARRAY INPUT DATA,
Av= FLEET SIZE
A= WEIBULL SHAPE PARAMETER
R= SPECIFIED RELIABILITY LEVEL
NN= SAMPLE SIZE
DATA AM/10!3-9509100925.'1000’250.91000./
DATA A/O.So1.92.93.94.95.;10./
DATA R/0.5’0.6'007'00890.900099’0.995'00999’0.9999/
DATA NN/1929394959697e899910420/

ASSIGNMENT OF ARRAY SIZE TO BE USED (UP TO 50).

IN == FOR SAMPLE SIZE NN
IM -=- FOR FLEET SIZE AM
IA -- FOR WEIBULL SHAPE A
IR -= FOR FLEET RELIABILITY
IN=11
im=8
Ia=7
IR=9

TO SPECIFY OUTPUT PERIPHERAL NUMBER 10.
10=6

TO SPECIFY NUMBER OF INCREMENTS NPT FOR SIMPSON"S
NUMERICAL INTEGRATION (UP TO 1000).

USE NPT=400 IN THIS PROGRAM,

NPT=400

NPT1=NPT=1

TO CALCULATE FOR EACH SAMPLE SIZE N.
DO 200 JUN=1sIN

N=NN (JUN)

AN=FLOAT (N)

AN1=1./AN

N2=2#N

ANN=AN®#N

CALL GAMMA (N+GA)




[eNeNe]

C

TO CALCULATE FOR EACH wEISULL SHAPE PARAMETER A,
DO 90 K=1s1iA

DZ=0.025

IF (K +GE. 3) DZ=0.01

PRINT 254 NsKeA(K)9DZ

25 FORMAT(1H1/////5Xe% SAMPLE SIZE N=#415//

15Xe# WEIBULL SHAPE A(%9134%)=%4F 10459
25Xs% INCREMENT ON Z DZ=%9F10.5/)
Al=14/A(K)

AKN1=A(K)#*ANN/GA

ATN1=A(K)+#AN=1.

TO CALCULATE FOR EACH RELIABILITY LEVEL R
DO 50 L=1+IR
RR=ALOG(R (L))
PRINT 110+ R(L)
110 FORMAT (/SXe¥* FLEET RELIABILITY LEVEL R=%4F10453)

TO CALCULATE ARGUMENTS IN EQS.(22) AND (23)
BY USING DENSITY FUNCTION OF Z.
DO 60 I=1yNPT
IF (L +GT. 1) GO TO 40
Z(I)=FLOAT(1)%#D2Z
ARGZ (I)==AN#Z (I) ##A(K)
IF (ARG2(I) +LT, =100.) GO TO 40
ARG3({I)=AKNI1#Z (])##ATNI#EXP(ARG2(]))
ANZA(I)=AN#Z () ##A(K)

40 IF (ARG2(I) +LT. =100.) GO TO 30
ARG=14/(1e=RR/ANZA(I))

80 X(I)=ARG##N#ARG3(I)
XX(I)=X(I)#ARGH#N
GO TO 60

30 X(I)=0.
XX(I)=0.

60 CONTINUE

TO PERFORM INTEGRATION TO ESTIMATE E(R"™) AND E((RM")##2),

CALL SIMPN(XsNPT1sDZyAREA)
CALL SIMPN(XXsNPT19DZsAREX)

TO CALCULATE E(R"™)/Ry VAR(RM)y STD(=STANDARD DEVIATION),
AND VR"(=COEFFICIENT OF VARIATION) AND ALSO PRINT O0UT.

ERR(L)=AREA/R(L)

VAR (L) =AREX=-AREA##2

IF(VAR(L) «LTe04) VAR(L)=0.
STD(L)=SOERT(VARI(L))

CV(L)=STD(L)/7AREA

PRINT 10y AREASERR(L) s VAR(L) +«STD(L)sCvV (L)

10 FORMAT(OXs*E(R") =#4E12.595Xe%#E(RM")/R=#,E12.5/

19Xy #VAR (R") =#4F12595X9#STD =#4E1245/
29Xy #VRY =#9L1245/
318X+ #FLEET SIZE#45Xs#S5.Fs BASED ON R#44X,
4#S,Fe BASED ON E(R")#)

TO CALCULATE SCATTER FACTORS S BASED ON R
AND S1 BASED ON E(R") FDR EACH FLEET SIZE.
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DO 70 J=1,IM
S1=(AM(J) / (AN# (1 /AREA##AN]1=-1,.)) ) ##A]l
SS=(AM(J) / (AN# (1o /R(L) #%AN1~1,)) ) #%Al
PRINT 1209 AM(J)¢SSsSl
120 FORMAT (17X oe# M=#9F6,00TX9#S= #9E12594Xe#S1= #4E12.5)
70 CONTINUE
50 CONTINUE
90 CONTINUE .
200 CONTINUE
STOP
END

SUBROUTINE GAMMA (NyGA)

TO CALCULATE GAMMA FUNCTION,

USE FACTORIAL RELATIONSHIP SINCE N IS
AN INTEGER IN EVERY CASE.

N MUST BE LESS THAN 50.

OOOOO0

GA=1.0
IF(N.EQel) RETURN
N1=N-1
DO 10 I=1sN1

10 GA=GA#FLOAT(I)
RETURN
END

SUBROUTINE SIMPN (AF¢NPOINTsDSTEP.AREA)
DIMENSION AF (1)

TO CARRY QUT INTEGRATION FOR GIVEN VALUES OF
FUNCTION AF.
NP=(NPOINT=1})/2
MN=NP=]
0onbD=0.
EVEN=0.
END=AF (1) +AF (NPOINT)
DO 10 I=14NP
10 ODD=0DOD+AF (2%1)
DO 20 I=1sMN
20 EVEN=EVEN+AF (2%#]+1)
AREA= (44.0%0DD+2,0#EVEN+END) *DSTEP/3.0
RETURN
END

OO0
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Appendix B

PROGRAM AT7720 (OUTPUTs TAPES=0UTPUT)
PURPOSE

SCATTER FACTOR CALCULATION

WITH UNKNOWN WEIBULL SHAPE AND SCALE PARAMETERS.
DESCRIPTION OF THE PROGRAM

THlS PROGRAM FIRST GENERATES NSMPL NUMBER OF

SaMPLE SETS OF SIZeE N FOR Ue U#e VO AND VO#®,

AND THEN CALCULATES THEIR PROBABILITY DISTRIBUTION

AS wELL AS JOINT DENSITY F(UsVO0)e

SECONDy IT CALCULATES PROSABILITY DISTRIBUTION

OF Z FOR SAMPLE SIZE N AND FLEET SIZE M BY GENERATING

CORRESPONDING SAMPLES OF W,

IT FINALLY CALCULATES E(R'")e VAR(RM™)s VRUWe E(R'"™)/R AND W%,
REMARKS :

IN THE PROGRAM, "#" [S Re2LACED BY "SM, EXAMPLEs U#=US,
DATE 10/25/77

DIMENSION U(1999)sV0(1939)eV05(1999)+2(1999)
DIMENSION NVOU(20450) o (9) «M(8)aeN(10)sNAM(6)
EQUIVALENCE (V0Ss+2)

ASSIGNMENT OF SPECIFIED ARRAY INPUT DATA,
N= SAMPLE SIZE.
M= FLEET SIZt.
R= SPECIFIED RELIABILITY LEVEL.
NAM= UATA CLASSIFICATION ASCII CODE.
DATA N/Z2939495969 79849910420/
DATA M/1¢3959100259100425001000/
DATA R/OoS,OOb’O-?’00890.990.95’0.99,0.99990.9999/
DATA NAM/2HU 92H o2HU#¢2HV D 2H® o42HZ /

INPUT DATA ASSIGNMENT.
NSMPL= NUMBER OF SAMP_E SETS OF SIZE N.
IX= INITIAL VALUES FOR UNIFORM RANDOM NUMBER
GENERATION SUBROUTINE RANDU(IXsIYsRAN).
NST AND NND= CONTROL 2ARAMETER FOR DO~-LOOP CALCULATION
FOR EACH SAMPLE SIZE N.
NST= LOWER BOUND NUMBER IN ARRAY N.
NND= UPPER BOUND NUMBER IN ARRAY N.
NJ= ARRAY SIZE FOR Ue.
NVO= ARRAY SIiZE FOR V0.
Uu= UPPER CUT-0FF VALJE FOR U.
UV0= UPPER CUT-0OFF VA.LUE FOR V0.
LU AND 10= SELECT CODEZS OF DATA INPUT/OUTPUT PERIPHERAL.

NSMPL=1999
IXx=23451
NST=1
NND=10
NU=50
NVO=20
Uu=25,
uvo=5,

CALCULATION FOR EACH SAMPLE SIZE N(KN)
FNSMP1=FLOAT (NSMPL+1)
FNSUPP=]1.0/FNSMP]
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OO0

OOO0O0

110

120

130

150

600

610

611

630

D0 100 &<N=NSTsNND
NS=N (KN}

TO GENERATE NSMPL NUMBER OF SAMPLE SETS OF SIZE N
FOR Ue V0Os AND VO#,
CALL SAMPL (UsVOeVOSsIXeNSsNSMPL s1I0)

TO CALCULATE PROBABILITY DISTRIBUTION OF vo#
By ARRANGING IN ASCENDING ORDER.
CALL ANS(VOSeNSMPL9NSsIJsNAM(4) 9NAM(5)40)

TOo CALCULATE PROBABILITY DISTRIBUTION OF U*®,

BECAUSE OF LIMITTED MEMORY SIZE OF THE COMPUTER USED,
AND BECAUSE OF VALUES U AND VO TO 8E RESERVED FOR
CALCULATION OF Zs ARRAY V0S IS USED AS COMMON ARRAY.
DO 110 I=1.NSMPL

VOS(I)=1./U(1)

CALL ANS(VOSaNSMPLINSsIOeNAM(3)+NAM(2)4+0)

TO CALCULATE PROBABILITY OISTRIBUTION OF V0.
DO 120 I=1sNSMPL

vosS(I)=vo<(I)
CALL ANS(VOSsNSMPLINSsIOaNAM(4) sNAM(2)40)

TO CALCULATE PROBABILITY DISTRIBUTION OF U,
DO 130 I=1+NSMPL

vos({I)=u(I)
CALL ANS(VOS sNSMPLaNSsIOsNAM(1) yNAM(2) 4 0)

TO CALCULATE JOINT DENSITY F(UsVO)s E(R"™)9e VAR(RY),
VR"e E(R'")/Re AND Q%,

DU=UU/FLOAT (NU)
DVO=UVO/FLOAT(NVO)
DO 150 J=1lyNU

DO 150 I=1eNVU
NVOU(Ted) =0
CONTINUE

TO PRINT OUT NECESSARY INFORMATIONS FOR CHECK PURPOSE
WHITE(69600) NSyNSMPLsIX
FORMAT(1H1///7/7/5Xe% Nz#ygI54% NSMPL=#4154% IXx=%#,]20)
WRITE(6e610) NUSNVOsUUesJIVOeIUWDVO
FORMAT (/5Xe% NUSH g[Sy NVI=H4[Sy# UUs#¢FBeg e UVOz=H,
1FBettetr D= gFBabo# DVI=H9FHBe4//)
WRITE(69611)
FORMAT (/7SXe#®# OUTLIERS EITHER IN U OR IN VO#/)
DO 160 K=1¢NSMPL
J=IFIX(U(K) /DY) +1
I=IFIX(VO(K)Y/DVD)+1
IF ( JeLEoeWNU oANDe [+LENVD) GO TO 10

TO PRINT OUT OUTULIERS EITHER IN U OR VO

FROM THE PRE-DEFINED RANGE.

ARITE(69630) U(K) 9o VO(K) oJs ]

FORMAT({ BXo% USH#gE124403Xetr VO=HeE12e493X9% J=®e]693Xy
1% I=%elb)

- 24 -



OO0

10
160

640

650

660
170

210

670

680

IF(I1eGTeNVY) 1I=NVO
NVOU(TeJd)=NVOU(Ted)+]
CONTINUE
TO PRINT OUT JOINT FREQUENCY F (UsV0) .
JOINT FREQUENCY F(UsV0) IS LISTED WITH U AS COLUMNS
AND VO AS ROwW,
WRITE(64640) NS
FORMAT(IRH1//777/5X% F(UsV0D) FOR SAMPLE SIZE N=#415/
18Xe# U AS COLUMNs AND VO AS ROW.#/)
WRITE(6+650) NVOU
FORMAT(Z20(1XeI3))

FOR BRIEF VERSION OF LISTINS OF F(UeVO0)a
WRITE(64640) NS

DO 170 J=1440

WRITE(64660) ( NVOU(IeJ)eI=1s16)

FORMAT (6Xs16(1Xe13))

CONTINUE

TO CALCULATE DISTRIBUTION UF Z FOR EACH FLEET SIZe,
SAME INITIAL VALUES FOR UNIFORM RANDOM NUMBER
GENERATION SHALL BE USED FOR EACH CASE OF FLEET SIZE.
[XS=1IX

DO 200 KK=1e8

MM=M (KK)

FM=FLOAT (MM)

FNS=FLOAT (NSMPL) +1.

IXx=1xs

DO 210 I=1sNSMPL

CALL RANDU (IXeIYeRAN)

Ix=1Y

w==AL0OG(RAN) /F™

VOW=VO(I)/wW

IF (VOW oL Te 14E-10) VOWN=1.E~10
Z(I)=y(I)#ALOGLO(VOW)

CONTINUE

CALCULATE DISTRIBUTION J3F Z FOR EACH FLEET SIZE
CALL ANS(ZoNSMPL4NSsIO9NAMI5E) sNAM(2) yMM)

TO DEFINE THE CASE CALCULATED.

WRITE(696T0) NSeNSMPL MM

FORMAT(1H1///5Xe% N=%gl59% NSMPL=#4]64% i=#4]16)
WRITE (69680)

FORMAT (//8Xs%t RitgTXott E(RMEGHN)H#4TX g4t VAR# 96Xy

1# STD#¢3Xet E(RWSH 1) /RG] Xg# VYRNWE #M2,TXy#t QS#/)

TO ESTIMATE E(RM™)s VAR(RM) s VR'"y E(R"™)/Re AND Qt,
DO 300 K=149

FMALR=FM/ALOG(ls/R(K))

ER=0.0

VAR=0,.0

DuU2=DuU/2.

Ov0e=DVvo/2.

00 310 u=1lyNU

DO 320 I=14NVD
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330
29

320
310

690
300
200
100

100

10
110

20

IF (NVOU(TeJd) +tQe 0) GO TO 320
UX=FLOAT (J)*DU=-0U?
VOX=FLOAT (1) #DV0=-DVO02
PARM=VOX*FMALR
20=UX#ALOGLO(PARM)
PARC=FLOAT(NVOU(I«J))/ZFNS
DO 330 L=1eNSHPL

IF (Z0 <LEs Z(L)) GO TO 20
CONTINUE

FZ=FLOAT (L) /FNS

F22=FZu%2

ER=ER+FZ#PARZ
VAR=VAR+FZ2%*PAR?

CONTINUE

CONTINUE

VAR=VAR~ER##2

STD=SQRT (VAR)

Cv=STD/LR

RATIO=ER/R(K)
ZER=ER*FNSHMP]

IZ=IFIX(ZtR)

1Z1=17+1

FIZ=FLOAT(LZ) /FNSMP1
ZANS=Z(1Z)+(ER=FIZ)#(Z{1Z1)=2(12))/FNSMP?2
QAS=10,##7ANS

WRITE(69690) R(K)sERsVARIWISTDI«RATIONCV QS
FORMAT(6X9HF9e491Xot1243)
CONTINUE

CONTINUE

CONTINUE

STOP

END

SUBROUTINE ANS(ASNSMPLeNSs[O9NAM] s NAMZ 4 M)
DIMENSION A(])

TO PRINT OUY PROBABILITY DISTRIBUTION
FOR GIVEN ARRAY A,

CALL ASCEN (AJNSMPL)

IF (M JEQe 0) GO TO 10

WRITE(64100) NAM] eNAM2e M
FORMAT(IHL///7/75Xe%t DISTRIBUTION OF #42A2
1% FOR FLEET SIZE M=%#4]6//)
G0 TO 20

WRITE(69110) NAM]sNAMZNS
FORMAT(1H1//77/5Xe% DISTRIBUTION OF #42A2
1% FOR SAMPLE SIZE N=#4,15//)

CALL LIST (AeNSMPLeIONAM] o NAMZ)
RETURN

END
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(@]

10

20
100

30

10

50

60

SUBROUTINE LIST(AWNPT9IDsNAM]sNAMZ)
DIMENSION A(1)4P(6)

TO LIST CORRESPONDING REALIZATION VALUES FOR
SPECIFIC PROBABILITY LEVELS.

DATA P/0e¢9830¢9990699590e99890,99945049995/
NPT1=NPT+]1

ANPT1=FLOAT(NPT1)

ND=(NPT+1) /720

IF (ND oLTe 1) ND=1

DO 10 I=NDsNPTeND

PROB=FLOAT (1) /ANPT1

WRITE(65100) I+PROBeNAMIINAMZLA(])
CONTINUE

DO 20 I=1l.6

J=IFIX(ANPTLI®#P(I))

WRITE(69100) JeP (1) 9eNAM]IsNAM2oA(J)
IF(JEQeNPT) GO TO 30

CONTINUE

FORMAT (5Xe® SAMPLE NOo=#31593Xe#* PROB=#9FTe4e3Xs
12A29% =#4E1447)

RETURN

END

SUBROUTINE ASCEN(SeNPT)
DIMENSION S(1)

TO ARRANGE GIVEN ARRAY 3 IN ASCENDING ORDER
IF (NPT JLTe 2) RETURN
N2=NPT/2

DO 20 J=1eN2

MM=NPT=J+1]

K=J

M=MM

DO 10 I=JeMM

IF (S(I) +LTe S(K)) K=I
IF (S(I) +G6Te S(M)) M=]
CONTINUE

TEST FOR J=K

IF (J «NEs K) GO TO 50
IF (MM FQe M) GO TO 20
TEMP =S (M)

S (M) =S (MM)

S (MM) =TEMP

GO TO 20

TEST FOR MM=M

IF (MM (NE. M) GO TO 60
TEMP=S (J)

S(J)=S(K)

S(K)=TEMP

GO TO 20

IF (J «EQ+ M) GO TO 30
J/=Me MM/ =K

TEMP=S(J)
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OO0

30

40

c0

10

130

S(J)=5(K)
S(K)=TEMP
TEMP1=S (MM)
S (MM) =S (M)
S(M)=TEMP]
GO TO 20
IF(MM E3e K) GO TO 40
J=M

TEMP]1=S (MM)
S (MM) =S (M)
S(M)=TEMP]
TEMPR=S (J)
S(J)=S(K)
S(K)=TEMP
GO TO 20
J=M e MM=K
TEMP=S (J)
S(J) =S (MM)
S(MM) =TEMP
CONTINUE
RETURN

END

SUBROUTINE SAMPL (UsVOeVUSesIXeNsNSMPL+I0)
DIMENSION U(1)4VO(1)eVOS(1)eY(20)9sRAN(20) ALY (20)

TO GENERATE NSMPL NUMBER OF SAMPLE SETS OF SIZE N
FOR Uy VO AND vO#=,

SAMPLE SIZE N MUST BE LZSS THAN OR EQUAL TO 20 FOR
MINI-COMPUTER,

Du=0.2

NPT=400

DO 100 L=1esNSMPL

CALL DGEN{(YsNsIXsRAN)

KASE=0

PARS=0.

D0 110 I=1,4N

ALY (I)=ALOUG(Y(I))

PARS=PARS+ALY (I)

CONTINUE

PARS=PARS/FLOAT (N)

UMIN=0.01

FIND THE SOLUTION OF PHI(U) IN MLE EQUATION.
DO 120 J=1eNPT

Ul=FLOAT (J=1)*DU+UMIN

PAR1=0.

PARZ2=0.

DO 130 I=1eN

YIU=Y (I)#®yl

PARL1=PAR1+YIU®ALY(])
PAR2=PARZ2+YIU

CONTINUE
PHIZ2=PAR1/PAR2=14/Ul=PARS

IF (AHS(PHIZ).LTs 0.,001) GO TO 20
IF (J +£EQs 1) 60 TO 30

IF (KASE +EQs 1) GO TO 20

IF (PHI1 .GTe 04) GO TO 40

IF (PHIZ +LTe 0s) GO TO 30
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GO TO 50
40 IF (PHIZ +6GTe 0e) GO TO 30
50 Ul=Ul=PHIZ2/(PHIZ-PHIL1)#DU
KASE=]
GO T0 10

30 PHIl=PHIZ

120 CONTINUE

20 U(L)=ul
Us=1l./ul
VOS(L)=PAR2/FLOAT(N)
UvO=US*ALOG10(VOS(L))
IF (UV0 «6GTe =30.) GO TO 60
Vo(L)=0.
GO TO 100

60 IF (UV0O «LTe 30.) GO TO 70
VO(L)=1.E30
GO TO 100

70 vO(L)=VvOS(L)#*#US

100 CONTINUE

RETURN
END

SUBROUTINE DGEN(YsNeIXe<AN)
DIMENSION Y(1)eRAN(L)

SUBROUTINE TO GENERATE EXPONENTIAL RANDOM NUMBER
OF SIZE N
BY Y==LN(X) s WHERE X «~- UNIFORM RANDOM NUMBER

DO 10 I=1sN
CaLL RANDU(IXsIY9sRANC(I))
Ix=1Y

10 Y(I)==«ALOG(RAN(I))
RETURN
END

SUBROUTINE RANDU(IXe 1Y AN)
M=Z2##37

K=2#%7+]

IY=MOD(IX¥K+1eM)
RAN=FLOAT (1Y) /FLOAT (M)
RETURN

END
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